I n t h i s 2$mple, a s t r o n g t r a n s i e n t s i g n a l a s s o c i a t e d with t h e population of e x c i t e d C r i o n s i s observed, superimposed on a weaker permanent one. The
Using Fyyr-wave Mixing (FIdM) techniques on a new C r -doped g a r n e t c r y s t a l , we c a l c u l a t e a dephasihg time of 2.8 femtosec.
f o r t h e e x c i t e d s t a t e . The power dependen ce of t h e s i g n a l suggests t h a t more than two l e v e l s a r e involved i n t h e e x c i t a t i o n processus.
I n a d d i t i o n , a s m a l l permane n t change of t h e r e f r a c t i v e -i n d e x i s 4 observed. Long-range energy migration i s observed a t low temperature and high i n t e n s i t y , but n o t a t room temperature.
New g a r n e t c r y s t a l s have been shown 3 t o be p o t e n t i a l m a t e r i a l s f o r l a s e r a p p l i -+ c a t i o n s / I ] . I n o r d e r t o improve l a s e r 0 e f f i c i e n c y , we need more information on The experimental set-up h a s been 0 10 20 described elsewhere 121. The output of a spectlra-physics cw argon l a s e r i s s p l i t
I ( K W / c m 2 )
i n t o two beams which a r e crossed i n s i d e Fig. 1 . Power dependence t h e sample t o form an i n t e r f e r e n c e p a t t e r n of FlJM s i g n a l a t 300 K. i n t h e shape of a s i n e wave g r a t i n g . The l a s e r induced modulation of t h e r e f r active-index a c t s l i k e a holographic g r a t i n g , and s c a t t e r s t h e r e a d beam from a He-Ne l a s e r a t 632.8nm.
The c h a r a c t e r i s t i c s of t h e d i f f r a c t e d beam g i v e a l l t h e i n f o h n a t i o n about t h e n a t u r e and p r o p e r t i e s of t h e laser-induced g r a t i n g s .
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?ewer dependence of t h e s i q n a l i s shown i n F i g . I . T h i s cannot be e x p l a i n e d by a s i m p l e two-level model, f o r which t h e FWM s i g n a l i n t e n s i t y s h o u l d v a r y a s t h e s q u a r e of t h e i n c i d e n t i n t e n s i t y . The r e s u l t s s u g g e s t t h a t we f i r s t r e a c h t h e s a t y r a t i o ? of one l e v e l around 1 x 10 2W/cm . Above 4 1.5 x 10 W/cm , we t h e n e x c i t e a n o t h e r l e v e l p o s s i b l y by a twophoton p r o c e s s u s . T h i s h a s y e t t o b e p r e c i s e l y i d e n t i f i e d .
F i g u r e 2 shows t h e v a r i a ti o n of t h e r a t i o between t h e permanent and t h e t o t a l s i g n a l -w i t h t h e i n c i d e n t power. Previ o u s r e s e a r c h on s i m i l a r mater-
Crossing Angle (DEG)
ia_ls have suggested t h e formation F i g . 3. T h e o r e t i c a l f i t of s c a t t e r i n g o f c o l o r c e n t e r s by two-photon e f f i c i e n c y . e x c i t a t i o n i n t h e c h a r g e -t r a n s f e r band 131. Altnough a permanent g r a t i n g could be g e n e r a t e d by such d e f e c t s , o u r d a t a a r e i n c o n s i s t e n t w i t h t h i s model, s i n c e we would expect t o g e n e r a t e much more d e f e c t s a t h i g h e r i n t e n s i t y .
;. . ;*. o, 2;e,
( e / z )~) + where t h e s u b s c r i p t s t and p r e f e r t o 0 0 . O
t h e t r a n s i e n t and permanent p a r t of t h e s i g n a l , rf i s t h e f l u o r e s c e n c e l i f e t i m e , 8 i s t h e c r o s s i n g a n g l e i n s i d e t h e c r y s t a l , D i s t h e energy d i f f u s i o n c o e f f i c i e n t , and X i s t h e wavelength of 10 20 t h e w r i t e beam. By measuring t h e a n g u l a r dependence o f t h e g r a t i n g decay
I ( K W I c m 2 )
r a t e , a v a l u e of D can b e determined u s i n g t h e above e q u a t i o n .
The a n g u l a r dependence of t h e s c a t t e r i n g e f f i c i e n c y h a s been t h e o r e t i c a l l y d e r i v e d p r e v i o u s l y I21 f o r a two-level system. The curve can b e f i t t e d t o t h e e x p e r i m e n t a l p o i n t s by a d j u s t i n g f o u r d i f f e r e n t p a r a m e t e r s , which can b e used t o c a l c u l a t e t h e modulation o f t h e d i s p e r s i v e p a r t An and t h e a b s o r p t i v e p a r t ACY of t h e complex r e f r a c t i v e -i n d e x , and a l s o t h e dephasing time T2 of t h e e x c i t e d s t a t e . To a v o i d any i n f l u e n c e from above, we s e t t h ? e x c i t a t i o n i n t e n s i t y a t about 5 KW/cm . T h i s g i v e s a v e r y good f i t t o o u r e x p e r i m e n t a l d a t a p o i n t s , a s shown i n F i g . 3. The c a l c u l a t e d dephasing time i s T =2.8 femtosecond. It 2 can b e i n t e r p r e t e d a s t h e time o f t h e f a s t e s t n o n -r a d i a t i v e r e l a x a t i o n from 2 a l l e x c i t e d s t a t e s t o t h e m e t a s t a b l e E l e v e l .
Due t o t h e s u p e r p o s i t i o n of permanent and t r a n s i e n t g r a t i n g s , t h e time dependence of t h e EWM s i g n a l can b e approximated by [31:
I ( t ) = I t ( 0 ) exp {-t [ 1 /~~+ 1 6 D ( I l / X ) 2 s i n 2
